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We are pleased to report that the SCU team successfully developed a working prototype
for the entire spacecraft as per our original proposal with the lone exception being the
inclusion of an integrated lens assembly _diffraction grating that was to be used on our
science camera for the purposes of taking multi-spectral images (this assembly was never
delivered by our partners at the Jet Propulsion Laboratory). Apart from this exception, the
ONYX vehicle conformed to all IINP prototype specifications, and all required
functionalities of the integrated prototype were wirelessly demonstrated. In addition to
the science camera, payload demonstrations included a test bed to demonstrate advance
anomaly management capabilities, a distributed command and data handling system, and
an educational thermal control experiment. Furthermore, the SCU team participated in all
UNP design reviews and auxiliary events in order to take full advantage of the
educational experiences offered by the UNP. This report does not attempt to detail the
design of or the processes used to develop the ONYX space system. For

a technical program summary, a copy of the Flight Competition Review presentation
slides are presented here as an attachment. Additional programmatic and technical
documentation has been previously provided via FTP to the program file server. In
addition, the references section of this report summarizes additional papers and student
thesis documents that detail the development and technical design of the ONYX space
system.
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Objectives: Over the period Spring 2005 — Spring 2007, students, staff and faculty from Santa
Clara University’s (SCU) Robotic Systems Laboratory participated in the U.S. Air Force’s
University Nanosatellite Program (UNP-4). As part of this program, this team developed the
ONYX (ON-board autonomy eXperiment) nanosatellite. The objective of this project was to
develop a nanosatellite prototype capable of performing several technical demonstrations, to
include a) characterization and use of a novel snapshot multispectral imager for coastal
ecological monitoring, b) on-orbit demonstration of advanced, automated anomaly management
capabilities, ¢) benefits of a highly capable distributed command and data handling system, and
d) the provision of an educational laboratory system demonstrating fundamental concepts in heat
transfer and control theory.

Summary of Effort and Accomplishments/Results

We are pleased to report that the SCU team successfully
developed a working prototype for the entire spacecraft as
per our original proposal with the lone exception being the
inclusion of an integrated lens assembly — diffraction grating
that was to be used on our science camera for the purposes of
taking multi-spectral images (this assembly was never
delivered by our partners at the Jet Propulsion Laboratory).
Apart from this exception, the ONYX vehicle conformed to
all UNP prototype specifications, and all required
functionalities of the integrated prototype were wirelessly
demonstrated. In addition to the science camera, payload
demonstrations included a testbed to demonstrate advance
anomaly management capabilities, a distributed command
and data handling system, and an educational thermal control
experiment. Furthermore, the SCU team participated in all
UNP design reviews and auxiliary events in order to take full
advantage of the educational experiences offered by the : ;

UNP. This report does not attempt to detail the design of or ™ mﬁﬁiﬂjﬂﬂﬁ@p&
the processes used to develop the ONYX space system. For

a technical program summary, a copy of the Flight Competition Review presentation slides are
presented here as an attachment. Additional programmatic and technical documentation has
been previously provided via FTP to the program file server. In addition, the references section
of this report summarizes additional papers and student thesis documents that detail the
development and technical design of the ONYX space system.

Personnel Supported

Funding for this program directly supported a part-time technical staff member, Mr. Bryan
Palmintier. In addition, the work performed as part of this program benefited the PI, Dr.
Christopher Kitts, through the research performed in the process of conducting this program.



Publications (available in List of Publications at http://rsl.engr.scu.edu):

[1] F. Rogers-Marcovitz and P. Williams. “DEEP: Dallas EEProm Equipment Profile for Rapid
Integration and Automatic System Modeling.” To appear in Proceedings of the AIAA/USU
Conference on Small Satellite, Utah, August 2007.

[2] M. Lim, J. Vasicek, J. Crabtree, M. El-Kassed, J. Mendoza, S. Moraleda, W. Nguyen, F.
Parviz, B. Asher, D. Dennis, A. Nanda, A. Gulick, and J. Shepard. The ON-barod autonomy
eXperiment (ONY X) space system. Advisor: C. Kitts. SCU Undergraduate Thesis, Departments
of Mechanical, Electrical and Computer Engineering, June 2006.

[3] F. Rogers-Marcovitz and P. Williams. “DEEP: Dallas EEProm Equipment Profile for Rapid
Integration and Automatic System Modeling.” Proceedings of the Responsive Space 5
Conference, Los Angeles CA, April 2007.

[4] B. Duda, L. Hagiwara, W. Le, B. Wat, E. Eklund, and C. Walker. Onboard AutonomY
Experiment (ONYX) Space System. Advisor: C. Kitts. SCU Undergraduate Thesis,
Departments of Mechanical and Electrical Engineering, June 2007.

[5] R. Angeles, P. Williams, and Z. Zabinski. ONY X Nanosatellite Command and Data
Handling Systems. Advisor: C. Kitts. SCU Undergraduate Thesis, Department of Computer
Engineering, June 2007.

Interactions/Transitions
Interactions that occurred as part of this program included the following:

Participation in all UNP design reviews

Participation in the UNP SHOT workshop

Participation in the 2005 AIAA/Conference on Small Satellites, Logan, Utah

Participation in the 2006 AIAA/Conference on Small Satellites, Logan, Utah

Participation in the 2007 Responsive Space Conference, Los Angeles, CA

Planned participation in the 2007 AIAA/Conference on Small Satellites, Logan, Utah

(student paper on UNP4 work to be presented)

= Interaction with personnel from the Jet Propulsion Laboratory relevant to work on the
multispectral imager payload.

= Interaction with personnel from Washington University in St. Louis who adopted SCU’s
distributed command and data handling system for their UNP4 development efforts.

* [nteraction with personnel from the University of Texas, Austin who adopted SCU’s
distributed command and data handling system for their UNP3 spacecraft, which is in the
process of being prepared for future flight.

= Interaction with personnel from NASA Ames Research Center’s new Small Spacecraft
Office regarding our nanosatellite development work, our operations systems, etc.

= Interaction with local high school educators relevant to the thermal control chamber

payload that was developed for the spacecraft.



New discoveries, inventions, or patent disclosures

None resulting from this funding program. However, an intellectual property disclosure is being
planned for an advanced form of the distributed command and data handling technology that was
demonstrated in part on this program.

Honors/Awards

= Student Phelps Williams won a student scholarship award to support presentation of a
student paper at the 2007 Responsive Space 5 Conference.

= Two ONYX Project students received Technical Excellence Awards from the SCU
Department of Computer Engineering for their work on the ONYX computer system.

= Project students on the 2007 ONY X Mechanical Engineering team won Best of Session
honors in SCU’s annual Senior Design Conference.

= Project students on the 2006 ONY X Mechanical Engineering team won Best of Session
honors in SCU’s annual Senior Design Conference.

= Project students on the 2006 ONYX Electrical Engineering team won Best of Session
honors in SCU’s annual Senior Design Conference.

University and Program Impact

The following are responses to the impact questions that each PI has been asked to address
regarding the effect that participation in the UNP program has had on the host institution.

1) How many years has your Department or Research Program been participating in the
University Nanosatellite Program? We have participated in NS-1 (Emerald, in cooperation with
Stanford), NS-3 (we were not a primary school, but we teamed with UT Austin and Washington
Univ in St. Louis and provided both schools with their distributed computing / flight processing
subsystems), and NS-4 (ONYX, plus we again provided distributed computing avionics to
Washington Univ).

2) What impact has this participation had on the following factors? Please provide any
illustrative information to support these conclusions if possible. Overall - our participation in
UNP has been a significant element in my lab's "portfolio" of hands-on, interdisciplinary projects
(my lab's web site is at http://rsl.engr.scu.edu). We have a field robotics program in which our
students develop and operate underwater robots, land rovers, UAVs, and spacecraft. With
respect to spacecraft, we are involved with projects ranging from 100% student built projects
(like our UNP work) to project in which we are full-fledged team partners with NASA and
industry (such as our work with GeneSat-1, PharmaSat, etc.... Class D NASA missions). The
UNP projects have served as a wonderful experience for our undergraduates - typically through
year-long senior design projects — and these students often wind up getting jobs in the local
aerospace industry (Lockheed, NASA Ames, etc.) or go to grad school (many often stay at SCU



for grad school, and most of our grad students working on more sophisticated spacecraft projects
started on a UNP project).

a. Your personal research program as a professor (e.g., good, productive use of your time and
resources, building momentum, helping or hindering the furthering of your research agenda?) I
have been able to leverage my research with these projects by incorporating advanced
technology demonstrations into the missions. I think this is a critical element for long-term
success given that [ am a tenure-track faculty member.

b. The Department in general (e.g., correlation with enrollment, acquiring new labs, equipment,
or facilities, etc. etc.) Although I would hesitate to chalk results up as a direct result of UNP, our
overall work with hands-on spacecraft projects (again, ranging from UNP to Class D NASA
projects) has established our regional reputation in this area. This has led to a new, substantial
partnership with Lockheed in which we are now teaching a graduate sequence of courses on
space systems - in Spring 2007, this class had a grad enrollment over 50, which made it the most
popular graduate class in the entire School/University! Partnerships like this (with Lockheed,
with NASA, with CSA, etc.) have led to a substantial increase in our research funding as well.

¢. School or University at Large (e.g., initiating a new department, closing one down - although
I hope not!) See above.

d. The students who have worked on the program (any information you are aware of on positive
or negative impacts the program had on students would be helpful) MANY of my graduating
undergrad students wind up going to work in the aerospace industry (Lockheed, NASA, Boeing,
etc.), going to graduate school (SCU, Stanford, Cornell, etc.), or wind up as engineers in non-
aerospace high tech industries such as IT. Furthermore, we have a substantial part-time graduate
student program in which these students are full-time engineers in the local aerospace industry. |
could rattle off a list of students who have declared themselves that they have pursued careers in
aerospace as a direct result of their experience with our hands-on spacecraft projects. Although
it may not be of primary interest, I should also point out that we have a similar percentage of
students who work on non-space-related robotics projects (like our UAVs, rovers, marine robots,
etc.) and who wind up pursuing aerospace careers; these projects have similar educational
elements in the sense that they are real-world, hands-on, interdiscplinary, mission-oriented, etc.



Flight Competition Review Presentation Slides
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ONY X Mission Statement:

» ONYX Mission | Technical Relevance

o Bus Overview

o System Analyses

» Operations

e Student Participation
o Closing Remarks
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Anomaly Management:
Model Based Reasoning

Dunng a 45 day nominal on-orbit mission, the ONYX space system
will operationally vahdate advanced, disinbuted space system
development and sutonomous control techniques while conducting an
Earth observing misson and prowding educational services for
umversity and K-12 students
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Rapid Integration & Standardization:

= Model Based Reasoning (MBR)
Testbed for new reasoring approach in performeng anom.aly management
Prowdes it tool for | practices
Intlhgar datection d el rsskution using first srder principh

= Controlled in-situ space experimentation
Capabiity for purposehd anomaly maction n space envirenment
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Scientific Instrumentation:

distributed Command & Data Handling

o Distributed COH framewark based around Emerald Protocol suile standard
Standard Intra-satefite commumcation Protocol
Standard Satalite ~* Ground: potentially Satelite <= Satelite Radic Profocel
Standard Hardware Interface Protocol
Standard Hardware configuration and control protocel

. ion of Rapid and Test (RIT) capabilition
Result of standardizabon o bus desgn
“Black box” RIT Payioad from Washington Universiy

« Demonstration of modulsr AVR-SAT hardwars
Raquires manmal modiication for use throughout satelile

ation of rapid devel ation, and test for space emvironment
stresses of the space emvironment to fusl future SCU research and

. Moum bun standarde {Autonated Bus Configuration) r
0

Low Cost Multi-Spectral Imaging

* G e
Iﬁqo\:mmk: e volume, low
Mult- spectral snapshots

= COTS imaging Hardware
Demonstrating low cost COTS hardware

Jernonstr raped COTS mtegrabon
mﬂ#ﬁ:ﬁa "~

» Completes the RSL vision

Multrervaronment capabiibes wath space
-based scientic mretrumentation




Design Overview:

Structure
Adurminium isogrid provided by WUSTL
Alumnan honeycomb substrate for solar panels
Trays mclate bus components fram payloads
EMI enclosune s Taciitate imtegration

» Thermal
Primarily passive design
Strip heaters for senstive subsystem control

= Attitude Determination & Control
Passve magnetc stabdcation
Light sensory and solar panal curent semsors
Aceurate and near rea-tme attitude determination

Design Overview: (cont'd)

» distributed Command & Data Handling
Prmanly composed of AVR-Sat modules
Emerald Protocol Suite standard
Provides bus control and telemelry scquisibon
Event scheduling snd talemetry monitonng

« Communications
T0cm wplnk/downink COTS radio
SW transmt powes
H00bpy

o Power
Emphasis m rebabilty and safety to pimary vehicle
Signdficant telemetry based performance feedback
8 body-mounted solar paneis

>

Flyability
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Power wystam designed in accordance with UNP
Structure designed in accordance with UNP

Complete MGSE & EGSE designs

Bandy Goin assisting in Prote-Flight Assembly
SCU RSL Clean Room Manages
MNASA Certfied Instructor
35+ Yoars of expenence

System Analyses

® Mech, Stress Analysis:
High-res. FEA parformed for ray sssemblie
Minsmum FS =38 @ wails
Min Natural Frequency. 230 Hz @ top tray

Thermal Analysis:
Low-tes. FEA performed for salelkte
Temp Range = 270-287 K ?
Highest region: solar panels I
Lowest region: bollom plate .
® Mass Budget:
Currently: 26 kg
CG: < ¥ from centerine, < 12° above SIP
Volume Budget:

RFDW!: Antenna outside volume
RFDW: Solar panel below SIP

>

I

System Analyses: (cont'd)

» Link Budget
Upsnk Margin. 127 8
Downiink Margen: 136 dB
Modulsbon: DRCMSK (propnetary)
s Computing Budget
Average runtime memany usage -= 56%
» EMI Analysis
Matal anclonsres used to imi subrystern mntorderance

« Power Budget
Analysis podformed on LED orbds of Sapphire (NO-45) and GensSat-1
Poutve margmns n nommnal op under f )
Powsr system iife wall sxcesd prmary mession span
Maan power generabon in nominal operabone: 8.21W

;

Student Participation & Education

Participation of 108+ SCU students
T, o

Undergraduates through PhD
Emphasis on underpraduates
Supponmql hands on sduc sbon in
mm'rrnw aoﬂw ;m fabricaton
tesd

« Inter-University collaboration
Washington Unversity in St Lows

Educational Outreach Thermal Experiment Payload
Designed to be ullied n Unversdty or High School Lab scenanios

Educational Outreach
Rmuing profile of Uneversity Class mesmons
Trasning next generabon of scienbsts and engnears
Encoungng sxcisment and marest in space technology developmant it
1000+ K-12 Students skeady imvobed in ONYX Program g




Operational Capabilities

» BRI Antenna Facility
80 foot parabolc dish
»3548 gain at Tlem

& y C lo OSCAR F 4
17d8 T0cm Yage an AzEl controfier
Actrve amiatewr radic mantors
Autornated tracking and Enk lopging
Addibonnl nodes rapidly deployable

s Trained group of student operators
Trmrung and Cartificabon Program n place

= Functional and in use on daily basis
Operational softwars framework n place
Mirwmal modification requered for ONYX

Established community support fostered through GeneSat-1 success
Ower 60,000 subrmitted talemetry packets by publc f’\
A0+ Operators hom 17 countnes t—:u-

On-orbit Operational Phases

» Initializstion Phave
Estrnated Length 1 Week
Charge Battenes
Allow arbital predhcbons fo mature

»  Health Assessment Phase
Estnated Length: 1 Week
Detorrrina heoth of ndnadual subsystems

Vartly operation wifhen sxpected bounds
= Experiment Phase Experiment ﬂ” Detall
Ereculs AMT L
Expectad Lengtt 4 Weeks s vt Dowrioed 1]

Gather mession cribeal data products

» Nominal Extended Operation Phase

Expected Langth: Untl EOL

errsion of Exparmment Phase beyond mission criical data
Buw stress tashng

Santa Clara University: ONYX

» Capable satellite, in accordance with UNP specifications &
industry recommendations

» Proven operations capability

» Student involvement:
Educaled unversty shudents in all propect roles
Inspere K-12 gudents to jon sciences and engneering fields

# Technical Relevance
Anomaly management Model Based Fleasoning
Rapid integration & standardization  Emerald Prolocol Suite

Aut conirol of low-cost mulb-spectral
mager ideal for small eateliles
' h.s
ety Clars
T

Requirement Verification Matrix
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= pending verification .-mmun. P

B T

RACE Architecture
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Stress Analysis: Model Verification

e Clamped plate: 420 x 420 mm 1ED

o Assumed thickness: 3.175mm S v

o Evenly distributed load: 7kg* 20g's " 227" . "

# Max Displacement. 1.49mm
o Max Stress: 41.9 MPa




